Speckle noise is a serious problem in the reconstruction of computer-generated holograms (CGHs
Introduction
Speckle noise is a serious problem in the reconstruction of computer-generated holograms (CGHs). Especially for a kinoform (a phase-only CGHs), the speckles lead to a large reconstruction error and it is important to eliminate the speckles.
Phase difference constraint method has been proposed as a method for speckle elimination. However, simulation of phase difference constraint method is carried out only in the Fourier kinoform. But, in the Fourier kinoform, compared to the size of the hologram, the distance from hologram to reconstructed image must be very long. Considering the optical reconstruction, it preferred to use a Fresnel kinoform which can put close the distance between hologram and reconstructed image. So in this study, we carry out the simulation of phase difference constraint method in Fresnel kinoform.
Fresnel kinoform
As shown in Fig.1 , we consider the reconstruct when there is kinoform in z = 0. When 
It becomes Eq. (7) if sufficiently far from the hologram.
Eq. (7) can be expressed as Eq. (9) if we can regard z as constant and perform a replacement of Eq. (8).
We called the Fresnel kinoform, that is created by calculated from reconstructed image based on Eq. (6). Also, we called the Fourier kinoform, that is created by calculated from reconstructed image based on Eq. (9). Considering the optical reconstruction, it is desirable to use a Fresnel kinoform because a very long distance is necessary for to create the Fourier kinoform.
Iterative phase difference constraint method for the speckle elimination 3.1 Outbreak mechanism of the speckle
Speckle is a noise to occur in overall hologram technology because we use a coherent light such as laser light for the reconstruction and the record of a hologram. In computer-generated holograms, the speckles can be treated as the existing of isolated zero points among the sampled reconstructed distribution. Fig. 2 shows the four adjacent sampled points in the reconstructed distribution. Denoting the phases as
, we define the phase difference between each the sampled points as follows:
Supposing the phase period interval is 
Iterative phase difference constraint method
According the condition of Eq. (16), we limit the phase difference in range which are shown with a slanted line in Fig. 3 as a restriction condition in the reconstructed image of the iterative dummy area method. In this expression,
We describe the iterative dummy area method. When generating a kinoform which is one type of phase computer-generated holograms, we have to make the amplitude distribution regularity in the hologram distribution. However, an error arises in the reconstructed distribution by forcing the amplitude distribution regularity. An iterative dummy area method has been suggested as an algorithm which reduces this error. The flow of the iterative dummy area method is shown in Fig.5 . In the iterative dummy area method, a dummy area with initial distribution zero is added to the surroundings of an original image distribution. The initial distribution after the addition of the dummy area is shown in Fig.6 . The reconstruction error can be reduced by using the flexibility of the amplitude and phase in the dummy area. In addition, the size of the dummy area is arbitrary, and can hasten the convergence of the solution by the increasing the size of the dummy area. We carry out iteration by using this initial distribution as an input.
Next, we describe the principle of speckle elimination by phase difference constraint method. Case the phase difference is obtained by limiting the range of K is the following five. 1. The range of Eq. (17) 
Results
Simulated is carried out under the following conditions. 9 shows the result in the case of despeckle. We can see that the speckle is eliminated by the phase difference constraint method in all images. The final reconstructed image errors are -10.77 dB in Fig.8(a) , -10.04 dB in Fig.8(b) , and -10.88 dB in Fig. 8(c) , -37.50 dB in Fig.9(a) , -30.60 dB in Fig.9(b) , -33.87 dB in Fig.9(c) , respectively. 
Conclusions
Speckle noise is a serious problem in the reconstruction of computer-generated holograms (CGHs). Especially for a kinoform (a phase-only CGHs), the speckles lead to a large reconstruction error and it is important to eliminate the speckles. Phase difference constraint method has been proposed as a method for speckle elimination (1) . However, simulation of phase difference constraint method is carried out only in the Fourier kinoform. But, considering the optical reconstruction, it preferred to use a Fresnel kinoform. Therefore, we carried out the simulation in Fresnel kinoform.
We carried out the simulation in the three kinds of images "F", "I", "Y", and the speckle elimination has been confirmed in all images. Therefore, the phase difference constraint method is also useful in the Fresnel kinoform was confirmed. 
